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(54) Bactericidal ceramic enamel and uses thereof 



(57) The ceramic enamel is characterized in that it 
includes in its composition a rare earth oxide (Ce0 2 ) 
along with conventional silicon, aluminum, calcium ox- 
ides, etc. Said composition permits the existence of 



electronic transfers capable of affecting oxidation-re- 
duction processes of live matter that are converted into 
the bactericidal capacity thereof. 

The enamel is useful in the ceramic sector. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention fits in the technical field 
of ceramic enamels for wall and floor coverings and the 
like, such as wall tiles, floor tiles, sanitary elements 
(sinks, bath tubs, all ceramic complements of a bath- 
room, etc.), etc. 

[0002] More specifically, the present invention pro- 
vides a new type of bactericidal ceramic enamels. 

PRIOR ART OF THE INVENTION 

[0003] The Japanese firm Toto has developed a tile 
that has a photocatalytic layer of titanium dioxide enam- 
el finished with a copper and silver compound. When 
this photocatalytic layer absorbs light, it activates the 
metal ions, that kill the bacteria that come in contact with 
the ceramic tile. 

[0004] However, these tiles have variations in their to- 
nality and effectiveness in the passing of time. 

DETAILED DESCRIPTION 

[0005] The present invention, as indicated in its title, 
refers to some new bactericidal ceramic enamels. 
[0006] The applicant has developed a new type of ce- 
ramic enamels, unconventional up to now in the ceramic 
sector, that combine the development of highly desira- 
ble optical properties, such as for example, a high re- 
fraction index (lustrous material) with a bactericidal ac- 
tion. 

[0007] Furthermore, the developed material is provid- 
ed with high quality performance qualities, since it does 
not eventually undergo any variation of tonality or wear, 
as in the case of this type of product of the prior art. 
[0008] The ceramic enamel of the present invention 
is characterized in that its composition includes rare 
earth oxides. This makes it a material capable of elec- 
tronic transfers inside of it produced by a light-matter 
interaction. These electronic transfers may be capable 
of causing a redox process on the live matter (for exam- 
ple, bacteria) eventually deposited on or in close contact 
with the enameled surface, exercising with it a bacteri- 
cidal action. 

[0009] The material of the present invention is char- 
acterized in that it has the following composition: 



Oxide 


Percentage (% by weight) 


Si0 2 


35-55 


Al 2 0 3 


5-15 


BaO 


0-5 


B 2 0 3 


0-10 


CaO 


5-10 


Ce0 2 


2-10 



25 



30 



(continued) 


Oxide 


Percentage (% by weight) 


ZnO 


5-10 


K 2 0 


0-5 


Na 2 0 


0-5 


ZrQ 2 


0-5 



10 [0010] The ceramic enamel of the invention is ob- 
tained by fritting or by mixing. A combination of frits and/ 
or formulations with these characteristics has been de- 
veloped within this range of composition. Each one of 
these enamels is applied on the tile as a base enamel, 

75 serigraphy and/or sprayed and it is baked in an industrial 
furnace. 

[0011] The absorption properties of the material of the 
invention have been determined by ultraviolet visible 
spectrophotometry using a wave length range between 
20 800 and 200 nm (namometers). 

[001 2] A wide band in the range of 400 to 200 nm (ul- 
traviolet range), which is assigned to electronic charge 
energy transitions, or the passing of electrons of one en- 
ergy level to another, is observed in the absorption spec- 
trum of the material of the invention. This electronic 
charge transfer tends to be normally produced between 
the fundamental level and a higher level and is associ- 
ated with the light absorption in the wave lengths corre- 
sponding to the area of the next ultraviolet spectrum and 
the visible one. 
[0013] Figure 1 shows the electronic transfer in solids 
that affect the optical properties, indicating the energy 
levels for two atoms, A and B, together with some elec- 
tronic states characteristic of solids. 
35 [0014] Likewise, emission studies of the enamels of 
the invention have been carried out to characterize spe- 
cific properties. The excitation and emission spectrums 
of the developed bactericidal material have been stud- 
ied. The maximums of the excitation and emission spec- 
40 trums are between wave lengths of 270 and 400 nm. 
[0015] Likewise, the tiles coated with the enamel of 
the invention have been subjected to luster tests, using 
a Multi-Gross 268 luster gage, that measures the light 
reflected photoelectrically at a 20Q angle, obtaining lus- 
45 ters in the range of 88-99 GU (GU gross units, luster 
units). 

[0016] The studies regarding the bactericidal activity 
thereof have been carried out in specialized microbiol- 
ogy laboratories, obtaining very satisfactory results 
50 since at bacterial concentrations similar to those that 
may exist on the walls, there has not been any bacterial 
grown on the tiles coated with the enamels of the inven- 
tion. 

[0017] Furthermore, studies of the effect that the in- 
55 tensity and the type of lighting may have on the bacte- 
ricidal effect have been carried out. 
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BRIEF DESCRIPTION OF THE FIGURE 

[0018] Sole figure 1 is an illustration of the way in 
which electronic transfers are produced in solids in gen- 
eral. The numerical references that appear in the same 
have the following meaning: 

1.- Conduction band promotion 

2 - Differences between bands (GAP). 

3. - Exciting transfers d-d, f-f 

4. - Valence band promotion 

5. - Charge transfer 

EMBODIMENTS OF THE INVLENTION 

[0019] A ceramic enamel is prepared by mixing, or ob- 
taining a frit, from a composition that is found within the 
previously stated composition range. The composition 
range is given to adjust the material to the baking tem- 
perature in each case, due to the fact that enamels to 
be applied in rapid double baking cycle, in porous single 
baking and in stoneware single baking, have been de- 
veloped. 

[0020] Said frit is ground and applied as a base enam- 
el, serigraphy and/or sprayed on the engobe and/or 
enameled carrier (enameled, when it is not applied as 
a base enamel). It is baked in an industrial furnace at 
the temperature and for the time characteristic of the 
type of ceramic carrier used, that tends to vary between 
1120-1200Q C and 40-80 min. for stoneware, 
11 00-11 70Q C and 30-70 min. for porous carrier and 
1 000-1 120Q C and 25-60 min. for rapid cycle. 

ABSORBENCY SPECTRUM 

[0021] Band width from 400 to 200 nm. Determined 
with a PERKIN-ELMER, UV/VIS LAMBDA 19 model, 
spectrophotometer, applying the diffuse solid reflect- 
ance method. 

LUSTER INDEX 

[0022] 88-99 GU luster measured with a Multi-Gross 
268 luster gage, with a 20Q measuring angle. 

MICROBIOLOGICAL TESTS 

[0023] After baking, the tiles are cut into 5 x 5 cm piec- 
es and taken to the microbiology laboratory where they 
are sterilized first of all in an autoclave. 
[0024] Afterwards, each tile is placed on a Petri dish 
and painted with a standard solution of Staphylococcus 
aureus at different turbidities (0.001 and 0.002 Mac Far- 
Ian turbidity). The control tiles, in other words, tiles that 
do not have bactericidal enamel, are also tested. 
[0025] The tests are quadrupled in all cases, using 
four tiles with bactericidal treatment and four others 
without treatment. 



[0026] After 12 hours of planting and being exposed 
to the light of 36 watt fluorescent tubes, the tiles are 
placed with the enameled surface in contact with sterile 
chocolate agar, in Petri dishes. The tile is left there for 

$ one more hour, to give time for all the live bacteria con- 
tained in the tiles to pass to the agar, where they grow. 
[0027] After this experiment, bacterial growth is test- 
ed. Such grown is very scarce and non-existent in the 
tiles enameled with the product of the invention, while 

10 there is growth on the tiles there the material of the in- 
vention was not contained. 



Claims 
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1. Bactericidal ceramic enamel, characterized in that 
it has the following composition: 



Oxide 


Percentage (% by weight) 


Si0 2 


35-55 


Al 2 0 3 


5-15 


BaO 


0-5 


B 2 0 3 


0-10 


CaO 


5-10 


Ce0 2 


2-10 


ZnO 


5-10 


K 2 0 


0-5 


Na 2 0 


0-5 


ZrQ 2 


0-5 



2. Enamel, according to claim 1 , characterized in that 
it is obtained by mixing or by fritting. 

3. Use of the ceramic enamel of claims 1 and 2, in the 
manufacture of bactericidal ceramic coverings for 
floors and walls. 
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